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Abstract 

We study the semileptonic branching fraction of i3-meson into higher res- 
onance of charmed meson D** by using the Bjorken sum rule and the heavy 
quark effective theory (HQET). This sum rule and the current experiment 
of S-meson semileptonic decay into D and D* predict that the branching 
ratio into D**lvi is about 1.7%. This predicted value is larger than the value 
obtained by various models. 



It is well known that the heavy quark effective theory (HQET) is a very useful 
method to study physics of hadrons containing a heavy quark Jl|]. For example, 
the HQET is used to determine Kobayashi-Maskawa matrix element \V c b\, /,from 
experiment of semileptonic decay B — ► D*Zz/[]2[]. The attractive features of the 
HQET are generally verified in phenomena where both of initial and final states 
include ground states of heavy hadron. However, the phenomena between a ground 
state and an excited one, for example branching ratio of B meson semileptonic 
decay into the excited charmed meson state B — > D**lu, where D** means a higher 
resonance state of charmed meson, are not interpreted in various models of hadrons 
based on the HQET||, |j, |], ||, 0, ||. This discrepancy could be reduced to the 
models of hadrons as a composite system. It is expected that the models which 
interpret the B- meson branching fractions of the semileptonic decays into D, D* 
and D**s. At present we have no such a model. So it is meaningful to study these 
processes by a model-independent approach. The purpose of this short note is a 
test of the HQET applicability to an excited state by dealing with charmed hadron 
excited states D** without model dependence. 

In the heavy quark limit nig — > oo, heavy quark spin and velocity are free from 
low energy QCD[[L]. So hadron state is factorized into heavy quark \Q) and light 
degrees of freedom (l.d.f.) \ldf) as 



(hadron) = \Q) ® \ldf). 



(1) 



These hadrons are classified by l.d.f. as following 



CO" I") = \Q{\ ))®\ldf{\~)) 



(o + ,i + ) = \Q{\ ))®\idf{\ )) 



(2) 



(l + ,2+) = |Q(- ))®\ldf{- )) 



1+ „,„,3 + 



(1- 2") = \Q{^))®\ldf{\ )) 
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where we use the notation as 

(J*,J$) = \Q(l + ))®\WU p )h 

with 

J± = 3±\ ( 3 ) 

and J± of left hand side denotes spin-parity of heavy hadrons and j p of right hand 
side is spin-parity of l.d.f.. 

In semileptonic decay conserving light degrees of freedom like j p = ~ — > ~ 
such as B(0~) goes to D (0~) or D*(l~), there are 6 independent form factors 
defined as 

(D(v')\J,\B(v)} = f + (y)( V + V ')^ + f_(y)( V - V ')^ 

{B*(v')\Jfj,\B(v)) = ig (y)e flua ^v' a vP-(y + l)f(y)e; 

+ (e*-v){~a + (y)(v + v , )^ + ~a4y)(v-v')^} , (4) 

where v and v' are the velocity of B and D or D*, respectively. As the result of 
heavy quark symmetry, relations among these form factors are obtained and finally 
there exists only one independent form factor in these processes 0. This form factor 
written by £(?/) is called as Isgur-Wise function (IW function). Following the HQET 
we obtain only one independent form factor in each semileptonic process such as 
j F = \ — ► | + , | + , | ,• • -|@> [01 • ^ n ^ ms letter we denote these IW functions as £ E , 
£f and £ G for j p = | , | , | , respectively. The relations between form factors 
and IW function are given in Ref.pl. 



We can derive the Bjorken sum rule on IW functions||10|, [TTJ] . In the HQET 
hadron state is factorized into heavy and light degrees of freedom like in Eq.(l) 
and the sum of transition rate between heavy hadrons Hq and H'q, is equal to 
transition rate of heavy quark Q into Q' as 

Y.Q^iH^J^iHQ^H'Q) = g^(QV»\Q)(Q\Jt\Q')Y,\W'\ldf)\* 
H' QI W 



= (Q'\J»\Q)(Q\4\Q') 

= -8y, (5) 

where y = v ■ v' and here we use the unitarity relation 

EiW4or = i- (6) 

On the other hand in the case of heavy meson transition B — ► D^, we obtain 



E rw 

H'=D,D* 

E rre 

H'=Dq,Di 

E <r<#v; 

H'=Dx,Dl 

E «r<#V) 
E <r<#V) 



J, 



J, 



B(v 

B(y 
B(v 



))(B(v) 
))(B(v) 

))(B(v) 

))(B(v) 
))(B(v) 



\4\H(v') 
\4\H(v') 

\4\H(v') 
\4\H(v') 



-My + m(y)\ 2 , 
-My-m E (y)\ 2 , 



-^y 2 (y 2 -i)(y + m F (y)\ 2 , 
~i/V-i)(v-i)lfc(v)l 2 , 



-Ay{y + l)\i c (y)\\ 



(7) 



by the straight calculation]!^], where index C2 denotes radial excitation of j 1 



I . Here, we introduce the hypothesis of resonance saturation which means that it 
is possible to neglect the contribution from the continuum spectra to semileptonic 
decay Under this assumption the relation 



y+ 1 



{m)\ 2 + \tcM\ 2 ) + v -^\Uy)\ 2 + ^y(y 2 - i)(v + mAv)? 



+^y(y 2 -i)(y-m G (y)\ 2 + 



(8) 



is derived by the comparison of Eqs.(|5D and (^), where dots means contributions 
from other higher resonances. This is the simplified Bjorken sum rule]]!], |TT[ . 
In B meson semileptonic decay, differential decay rate is given as, 

^''^''^v/^Tm^Wx^r^lCx^r, (9) 



dy dy 



48tt 3 



where lepton mass is neglected and W x (y,r x ) is a calculable functions of y and 
r x = ^ x ||. In the following analysis, We assume that the excited states, which 
contribute to the simplified Bjorken sum rule, saturate the S-meson semileptonic 
decay rate (resonance saturation hypothesis) and that these exited states occur in 
a mass range being small compared with m c . The latter assumption leads us to 
replace m,D x (X = C 2 , E, F,G, . . .) by a common mass mn**. Then we can sum up 
these decay rates for all D** and we get the equality 



dy 



E 

X=C 2 ,E,F,G 
Gp\V c b\ 2 

48vr 3 
G 2 F \V cb \ 2 



D**lu) 

dTx 
dy 



m 2 B Jy 2 



1 E ^ Dx W x {y,r x )\^ x {y)f 

X=C 2 ,E,F,G,... 



24vr 3 



mlyy 2 



XrrC 



D* 



X 



X 



By using Eq.( 
dy 



{y - 1)(1 + r) 2 + (y + 1)(1 - r) 2 + 4y(l + r 2 - 2ry) 

^Kc 2 (?/)l 2 + ^ie E (?/)l 2 + ^(y 2 - i)(y + i)\Uy)\ 2 
+\y(y 2 - i)(y - m G (y)\ 2 + ■ ■ : ■ 

, we obtain the D** contribution as 

Gp\V cb \ 2 2 [— - 3 



(10) 



x 



X 



24tt 3 

(y - 1)(1 + r) 2 + (j/ + 1)(1 - r) 2 + 4y(l + r 2 - 2ry) 



-l£(v)l' 



^From this result we can estimate the D** contribution by using the following 
parameters |T3| 



V cb = 0.040, m B = 5.279 GeV, t b = 1.537 ps 

and for the mass of D** we use the following weighted average mass 

3m Dl + 5ra D « 



vriD* 
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2.444 GeV 



(12) 



(13) 



with m Dl = 2.420GeV and m D * = 2.460GeV. We use the IW function £(y) with 
following three trial functions 

(I) l- P 2 (y-l) p = 0.9lU» 

(II) eX p[-p 2 (2/-l)] P = 0.99+^, 

(in) (^r) 2p2 p = i.03!S. 

where p is a free parameter to reproduce the experimental branching ratio 

Bi(B -> D w /z/) = Br(S -> Dii/) + Br(B -> 

= (1.6 ±0.7)% + (6.6 ±2.2)% 
= (8.2 ±2.3)%, 

and we use m fl w = mp+ ^ mp * = 1.975GeV to determine p. 





Table 1: 


Branching 


; ratio B - 


^D x l 


v (\ Vcb 


2 Tb %) 




\J 0.040 


1.537 ps /V J 




£> 




D* 






ExD x 


(I) 


I OI -0-68 
^ +0.76 


6.24 


-1.53 
+1.63 


1.58 


+0.89 
-0.86 


q yo -133 
+1.52 


(II) 


1 -0-67 

^ u +0.72 


6.22 


-1.61 
+1.61 


1.71 


+1.05 
-0.93 


9.88 ;J; 2 J 


(III) 


1 96 - a67 


6.21 


-1.62 
+1.62 


1.77 


+1.06 
-0.95 


Q CM "I- 23 
+1.39 


Average 


1 04 -°- 68 

J +0.73 


6.22 


-1.59 
+1.62 


1.69 


+1.00 
-0.91 


9-85 ~l'Z 



The D** contribution and Dx total contribution (£) + D* + -D**) are given in 
Table [I]. Here we use Eq.(ll) to obtain D** contribution which gives about 1.7% 



branching fraction. The direct measurement of D** contribution is 2.7 ± 0.7% [|13" 



This is a factor 1.6 larger at central value than the theoretical estimation of D** ob- 
tained by the simplified Bjorken sum rule Eq.(§). However, the experimental error 
is still large and the estimated magnitude of D** contribution seems to be consis- 
tent with the present experiment. On the other hand, inclusive semileptonic decay 
branching ratio is experimentally 10.43 ± 0.24% and the unidentified semileptonic 
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Table 2: Comparison of D** contribution 



Vcb 12 T B 

0.040 I 1.537 ps 



ISGW20 SISM§ CNP|] VO|| ours* Exp.p| 



By(D + D*) 



9.03 



7.23 



7.24 



9.24 



8.16+ 8.2± 2.3 



Br(D**) 



0.96 



0.33 



0.53 



0.96 



1.69 2.7± 0.7 



*In this table ours data are average in Table |l|. 
^This is an input value. 



branching fraction |Tj| is 

Br (5 -> unknown) = Br(inclusive) - Br(B -> DtmdD*lv) = 2.2 ± 2.3 %. (14) 

This also shows that the resonance saturation hypothesis and the approximate mass 
degeneracy among the excited charmed mesons(I?Q, Di, jD*, D%, D C2 , D* 2 •■ •) 
might hold in i? meson semileptonic decay. 

In order to estimate the contribution from each resonance, it is necessary to 
calculate exclusive decay processes by using hadronic models as given in Ref.|| [|, 
i; Hi 0? H? U- Through these studies there is a tendency that branching fractions 
into D\ and D% are rather larger compared to the other excited states. The maxi- 
mum fraction among D**s is D\ in Ref. @, || [J with the magnitude 0.1% ~ 0.4% 
and is D\ in Ref.0 with 0.4%. To make clear which model is better, further exclu- 
sive experiments are needed. One more feature in common with model-dependent 
analyses given in Table |^ is that relatively small D** fraction is predicted and is 
inconsistent with experimental value. 

Further in order to check our model-independent approach we apply this method 
to B s semileptonic decay processes. The IW function of B s — > D^*'lu is the same 
one of B — > D^*'lu, because u, d and s quarks are treated as l.d.f. in the HQET. 



In the numerical estimation the parameters are[13 



in 



B, 



Di*' 



5.375 GeV, 
+ 3m n » 



r 



rn 



d, 



Bs - IMps, 
2.075 GeV, 



where m D * = 2568MeV is a presumption from other charmed meson masses by 
using the relation m D ,^ — i (2535) = m D , (2456) — m Di (2423). Following the 
same argument of B — > Dxlv we can give the branching ratios of B s to D s , D* 
and D** in Table || The predicted branching ratio is similar to ones of B — > Dxlv 
as shown in Table [1]. The largest branching ratio is reduced to a fraction to D* 
and a contribution from excited states D** is less than 16% of inclusive ratio. If 
this is confirmed by experiments it will verify the validity of the analysis using the 
Bjorken sum rule. 





Table 3: 


Branching 


ratio B s - 




12 T B S oA 






1 1.34ps /V J 




D s 




D* s 




Ex D sX 


(I) 


1 70 -0-59 
x - ' J +0.64 


5.78 


-1.31 
+1.37 


-i r>o +0.73 
L2H -0.70 


8-84 


(II) 


1-80 


5.72 


-1.41 
+1.38 


1 40 + - 88 

± - 4:U -0.76 


8 Q9 ~ 1 ' 12 
+1.23 


(III) 


1 81 -°- 59 
+0.61 


5.70 


-1.42 
+1.39 


1 45 +0 - 89 

■ L-4:0 -0.78 


8 96 ~ 1 ' 12 

o.ju +122 


Average 


L80 +Q.W 


5.73 


-1.38 
+1.38 


-1 oo +0.83 
-0.75 


8 91 ~ x - u 

+1.25 



In this letter we estimate the semileptonic branching ratios of B to excited 
charmed mesons by using a method independent on specific hadron models. The 
Bjorken sum rule will be checked by measuring the contribution ^from higher reso- 
nance of charmed meson in semileptonic decay of B u d and B s meson. The predic- 
tion is given under the assumption that the semileptonic decay is saturated by the 
three body decays B — > Dxlv and the continuum contribution is negligible and 
that the excited states have approximately equal masses. We get Br(B — ► D**lv) 
= 1.7± 1.0% which seems to be consistent with the experimental value 2.7± 0.7%. 
We also estimate Br(B s -> D s , D*, D**lv) to be 1.8%, 5.7% and 1.4%, respectively 
The predicted branching ratios are similar to Br(i3 — > D,D*, D**lv). These eval- 
uations are to be checked by experiments in near future and we expect that the 
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model-independent approach will be confirmed experimentally. 
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